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   RESPONSE SURFACE OPTIMIZATION OF 
MEDIUM COMPOSITION FOR PROTEASE 
PRODUCTION BY Bacillus subtilis USING 
CASSAVA WASTE 
Optimization of the growth condition for maximum growth rate and protease 
production was carried out using Bacillus subtilis. The optimization of protease 
production using agro-industrial waste product such as cassava waste as sub-
strate was performed with statistical methodology based on experimental de-
signs. The screening of twelve nutrients for their influence on protease produc-
tion was achieved using a Plackett-Burman design. MgSO4·7H2O, casein and 
glucose were selected based on their positive influence on protease produc-
tion. The selected components were optimized using response surface metho-
dology (RSM). The optimum conditions are (% w/w): MgsO4·7H2O - 0.14, ca-
sein - 1.4 and glucose - 2.64. These conditions were validated experimentally 
which revealed an enhanced protease yield of 202.048 U/gds. 
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Proteases are enzymes that catalyse hydrolytic 
reactions in which protein molecules are degraded to 
peptides and amino acids. Proteases (serine protease 
(EC. 3.4.21), cysteine (thiol) protease (EC 3.4.22), as-
partic proteases (EC 3.4.23) and metallo-protease 
(EC 3.4.24)) constitute one of the most important 
groups of industrial enzymes, accounting for about 
60% of the total enzyme market [1-3]. Proteases are 
essential constituents of all forms of life on earth in-
cluding prokaryotes, fungi, plants and animals. Pro-
teases are highly exploited enzymes in food, leather, 
detergent, pharmaceutical, diagnostics, waste mana-
gement, and silver recovery [4]. These enzymes also 
have potential to contribute in the development of 
high value added products due to their characteristic 
nature of aided digestion [5]. 
Several microbial strains including fungi (Asper-
gillus flavus, Aspergillus melleu, Aspergillus niger, 
Chrysosporium keratinophilum, Fusarium gramina-
rum, Penicillium griseofulvin and Scedosporium apio-
sermum) and bacteria (Bacillus licheniformis, Bacillus 
firmus, Bacillus alcalophilus, Bacillus amyloliquefa-
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ciens, Bacillus proteolyticus, Bacillus subtilis and Ba-
cillus thuringiensis) [6] are reported to produce pro-
teases. Among these, Bacillus genus has gained im-
portance at industrial scale. Despite this, only a few 
studies have been done on proteolytic enzymes from 
Bacillus sp. Furthermore studies have showed that 
nutritional factors including sources of carbon and 
nitrogen can influence protease production [7].  
Proteases are generally produced using sub-
merged fermentation due to its apparent advantages 
in consistent enzyme production characteristics with 
defined medium and process conditions and advan-
tages in downstream in spite of the cost-intensive-
ness for medium components [8]. 
In this context, solid substrate fermentation (SSF) 
was chosen for the present research because it has 
been previously reported that as much greater pro-
ductivity than does submerged fermentation [9,10]. 
Economically, SSF offers many advantages, including 
superior volumetric productivity, use of simpler machi-
nery, use of inexpensive substrates, simpler down-
stream processing and lower energy requirements 
[11,12] compared with submerged fermentation [13]. 
Production of these biocatalysts using agro-bio-
tech substrates under solid-state fermentation condi-
tions provide several advantages in productivity, cost- 
-effectiveness in labour, time and medium compo-
nents in addition to environmental advantages like 
less effluent production, waste minimization, etc. [14]. P. RATHAKRISHNAN, P. NAGARAJAN, R.R. KANNAN: RESPONSE SURFACE OPTIMIZATION…  CI&CEQ 17 (2) 215−222 (2011) 
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The present study was undertaken to produce 
the proteases under solid-state fermentation of B. 
subtilis using cassava waste as a substrate, and to 
determine the selection of medium components for 
the optimal production of protease. 
MATERIALS AND METHODS 
Bacterial strain 
The bacterial strain used in this work is well pre-
served in the laboratory. Bacterial strain Bacillus sub-
tilis was a stock of the Microbial Type Culture Col-
lection Centre (MTCC), Chandigarh, India. The strain 
was maintained on nutrient agar medium at 4 °C. The 
medium composition (g/L) was compressed off the 
following: beef extract - 1.0; yeast extract - 2.0; pep-
tone - 5.0; NaCl - 5.0 and agar - 2. Cells were sub-
cultures at monthly intervals. 
Solid-state fermentation 
Cassava waste was procured from the Balamu-
rugan chaggo factory - Vada Chennimalai, Kallaku-
ruchi – Tamil Nadu, India and used as substrate for 
protease production. The composition of the cassava 
waste is given in Table 1. Fermentation was carried 
out in 250 ml Erlenmeyer flasks with 10 g of cassava 
waste, supplemented with nutrients concentrations 
defined by the experimental design. It was sterilized 
at 121 °C for 15 min. After cooling the flasks to room 
temperature, the flasks were inoculated with 2 ml 24-h 
grown culture broth under sterile conditions. The con-
tents of the flasks were agitated at 200 rpm and in-
cubated at 33±1 °C for 120 h. 
Table 1. The Composition of cassava waste 
Component Content,  mass% 
Moisture 79.50 
Protein 2.03 
Crude Fat  0.20 
Crude Fiber  14.35 
Ash 2.38 
Starch 61.84 
During the preliminary screening process, the 
experiments are carried out for 5 days and it was 
found that at the 28 h, the maximum production oc-
curs. Hence experiments are carried out for 28 h.  
Extraction of protease 
The enzyme was extracted according to the me-
thod described by Nagamine et al. (2003) [15]. Fer-
mented medium was mixed thoroughly with 50 mM 
glycine – NaOH buffer, pH 11 for 30 min and the ex-
tract was separated by squeezing through a cloth. 
This process was repeated three times and extracts 
were pooled together and then centrifuged at 200 
rpm. The supernatant was used as enzyme source for 
protease assay. 
Optimization of protease production 
RSM consist of a group of empirical techniques 
used for evaluation of relationship between cluster of 
controlled experimental factors and measured res-
ponse. A prior knowledge with understanding of the 
related bioprocesses is necessary for a realistic mo-
deling approach. To determine which variables signi-
ficantly affect protease production by Bacillus subtilis, 
Plackett-Burman design was used. Twelve variables 
(Table 2) were screened in 20 experimental runs 
(Table 3) and insignificant ones were eliminated in or-
der to obtain a smaller, manageable set of factors. 
The low level (-1) and high level (+1) of each factor 
are listed in (Table 3). The statistical software pack-
age Minitab 15, was used for analyzing the experi-
mental data. 
Table 2. Nutrients screening using a Plackett-Burman design 
Nutrient code Component 
Level 
Low value (-1)  High value (+1)
A Starch  0.15  0.35 
B Sucrose  0.15  0.35 
C Glucose  0.15  0.35 
D Dextrin  0.15  0.35 
E Casein  0.05  0.15 
F Peptone  0.05  0.15 
G Beef  Extract  0.05  0.15 
H NH4Cl 0.05  0.15 
J KH2PO4 0.05  0.15 
K MgSO4·7H2O 0.05  0.15 
L MnSO4·7H2O 0.05  0.15 
M FeSO4 0.05  0.15 
Once the critical factors were identified through 
the screening, the central composite design (CCD) 
was used to obtain a quadratic model, consisting of 
factorial trials and star points to estimate quadratic 
effects and central points to estimate the pure pro-
cess variability with protease production as response. 
Response surface methodology (RSM) was employed 
to optimize the three significant factors, viz., 
MgSO4·7H2O, casein and glucose which enhances 
the protease production. The three independent va-
riables were studied at three different levels (Table 4) 
and a set of 20 experiments were carried out (Table 
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7.1.5 was used to analyze the experimental data. All 
variables were taken at a central coded value of zero. 
The minimum and maximum ranges of variables 
investigated are listed in Table 4. Upon the comple-
tion of experiments, the average maximum proteases 
were taken as the response (Y). A multiple regression 
analysis of the data was carried out for obtaining an 
empirical model that relates the response measured 
to the independent variables. A second order polyno-
mial equation is: 
1
2
0
11 1 , 2
kk k k
ii i ii i j i j
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Y ZZ Z Z ββ β β
−
== = < =
=+ + +     (1) 
where Y is the measured response, β0 is the intercept 
term, βi are linear coefficients, βii are quadratic coef-
ficient, βij are interaction coefficient and Zi and Zj are 
coded independent variables. The optimal concen-
trations of the critical variables were obtained by ana-
lyzing contour plots. The statistical analysis of the mo-
del was represented in the form of analysis of va-
riance (ANOVA). 
Assay of enzyme activities 
Protease activity was determined using modified 
Auson–Hagihara method [16]. In this, 1 ml of the en-
zyme solution was added to 1 ml casein solution (1%, 
w/v casein solution prepared in 50 mM glycine–NaOH 
buffer, pH 11) and incubated at 70 °C for 20 min. The 
reaction was terminated by adding 4 ml of 10% tri-
chloroacetic acid and the contents were filtered through 
a Whatman No. 1 filter paper. The filtrate absorbance 
was read at 280 nm using UV–visible spectrophoto-
meter and the protease activity was calculated using 
tyrosine standard curve. One unit of alkaline protease 
activity was defined as 1 μg/ml tyrosine liberated per 
min under the assay conditions. 
Validation of the experimental model 
The statistical model was validated with respect 
to protease production under the conditions predicted 
by the model in shake-flasks level. Samples were 
drawn at the desired intervals and protease activity 
was determined as described above. 
RESULTS AND DISCUSSION 
Plackett–Burman experiments (Table 3) showed 
a wide variation in protease activity. This variation 
Table 3. Plackett–Burman experimental design matrix for screening of important variables for protease production ( A – starch,
D – dextrin, G – beef extract, K – MgSO4⋅7H2O, B – sucrose, E – casein, H – NH4Cl, L – MnSO4⋅7H2O, C – glucose, F – peptone, J – KH2PO4, 
M – FeSO4) 
Run  order  A  B C D E F G  H  J  K  L M  Activity,  U/gds
1  1  -1 -1 -1 -1 1 -1  1  -1  1  1  1  280 
2  1  1  -1  -1  -1  -1  1 -1 1 -1 1 1  265 
3  -1  1 -1 1 -1 1 1  1  1  -1 -1 1  240 
4  -1  1 1 -1 1 1 -1 -1 -1 -1  1 -1  200 
5  -1 1 1 1 1  -1  -1 1  1 -1 1 1  150 
6  1  -1 1 -1 1 1 1  1  -1 -1  1  1  170 
7  -1  1  1 -1 -1 -1 -1  1  -1  1  -1  1  110 
8  1  -1 -1 1 1 -1 1  1  -1 -1 -1 -1  200 
9  -1 -1 -1 1 -1 1 -1  1  1  1  1 -1  170 
10  1  1 -1 -1 1 1 -1  1  1  -1 -1 -1  190 
11  -1 -1 1 -1 1 -1 1  1  1  1  -1 -1  150 
12  -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1  210 
13  1  1 1 -1 -1 1 1  -1  1  1  -1 -1  170 
14  1 -1  1 1  -1  -1  -1 -1 1 -1 1 -1  170 
15  -1 -1 1 1 1 1 -1 -1 1  1 -1 1  128 
16  -1  -1 -1 -1 -1 -1 -1  -1  -1  -1  -1 -1  240 
17 1  1  -1  1  1  -1  -1  -1  -1  1  -1  1  85 
18  1 1  1  1  -1  -1  1 1  -1  1 1  -1  150 
19  -1 -1 -1 -1 1 -1 1  -1  1  1  1  1  170 
20  -1 1 -1 1 1 1 1 -1 -1 1  1 -1  160 
                     
Table 4. Ranges of the independent variables used in RSM 
Component Code 
Level 
-1.68179 -1  0  +1  +1.68179
MgSO4⋅7H2O Z1  0.0125 0.025  0.05  0.075 0.0875 
Casein Z2 0.1 0.2  0.3  0.4 0.5 
Glucose   Z3  0.25  0.375  0.5  0.625  0.75 P. RATHAKRISHNAN, P. NAGARAJAN, R.R. KANNAN: RESPONSE SURFACE OPTIMIZATION…  CI&CEQ 17 (2) 215−222 (2011) 
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reflected the importance of optimization to attain high-
er productivity. From the Pareto chart (Figure 1) the 
variables, viz., MgSO4⋅7H2O, casein and glucose were 
selected for further optimization to attain a maximum 
response. 
The levels of factors (MgSO4⋅7H2O, casein and 
glucose) and the effect of their interactions on pro-
tease production were determined by central com-
posite design of RSM. Twenty experiments were per-
formed at different combinations of the factors shown 
in Table 4. The predicted and observed responses 
along with design matrix are presented in Table 5 and 
the results were analyzed by ANOVA. The second-
order regression equation provided the levels of pro-
tease activity as the function of MgSO4⋅7H2O, casein 
and glucose, which can be presented in terms of 
 
Figure 1. Pareto chart showing the effect of media components on protease activity (K – MgSO4⋅7H2O, E – casein, C – glucose). 
Table 5. Central composite design (CCD) of factors in coded levels with Enzyme activity as response ( Z1 - MgSO4⋅7H2O, Z2 – casein,
Z3 – glucose) 
Run No.  Z1  Z2  Z3 
Activity, U/gds 
Experimental Predicted 
1  0 0 0  200.04  201.58 
2  0 0 0  202.04  201.58 
3 -1  1  -1  37.74  29.18 
4 -1  1  1  42.48  35.11 
5 -1.68179  0  0  35.52  48.22 
6 0  0  1.68179  47.85  45.27 
7 1  1  -1  35.52  22.91 
8  0 -1.68179 0  35.52  43.05 
9 0  0  -1.68179  22.20  41.44 
10 -1  -1  -1  51.06  35.21 
11 1  -1  1  37.74  34.73 
12  0 1.68179 0  22.20  31.04 
13  0 0 0  203.04  201.58 
14  0 0 0  202.04  201.58 
15  0 0 0  199.04  201.58 
16  1 1 1  22.20  26.48 
17 1.68179  0  0  37.74  41.41 
18 1  -1  -1  39.96  35.75 
19  0 0 0  202.04  201.58 
20 -1  -1  1  35.52  36.56 P. RATHAKRISHNAN, P. NAGARAJAN, R.R. KANNAN: RESPONSE SURFACE OPTIMIZATION…  CI&CEQ 17 (2) 215−222 (2011) 
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coded factors as in the following equation: 
12 3
12 13 23
222
123
201.58 2.02429 3.56992 1.2291
1.70213 0.59225 1.147
55.4235 58.1710 55.9920
Y ZZ Z
ZZ ZZ ZZ
ZZZ
=− − + −
−−+ −
−− −
 (2) 
where Y is the protease activity (U/gds), Z1, Z2 and Z3 
are MgSO4⋅7H2O, casein and glucose, respectively. 
ANOVA for the response surface is shown in Table 6. 
The Model F-value of 101.92 implies the model is sig-
nificant. There is only a 0.01% chance that a “Model 
F-Value” this large could occur due to noise. Values 
of “Prob > F” less than 0.05 indicate model terms are 
significant. Values greater than 0.1 indicate the model 
terms are not significant. In the present work, linear 
terms of Z2 and Z3 and all the square effects of Z1, Z2 
and Z3 were significant for protease production. The 
coefficient of determination (R
2) for protease activity 
was calculated as 0.9892, which is very close to 1 
and can explain up to 98.92% variability of the res-
ponse. The predicted R
2 value of 0.9167 was in rea-
sonable agreement with the adjusted R
2 value of 
0.9795. An adequate precision value greater than 4 is 
desirable. The adequate precision value of 22.506 
indicates an adequate signal and suggests that the 
model can be used to navigate the design space. 
The above model can be used to predict the pro-
tease production within the limits of the experimental 
factors. Figure 2 shows that the actual response va-
lues agree well with the predicted response values. 
Table 6. Analyses of variance (ANOVA) for response surface quadratic model for the production of protease (std. dev. - 11.23;
R
2 – 0.9892; mean – 85.78; adj R
2 - 0.9795; C.V.% - 13.09; Pred R
2 - 0.9167; adeq precision – 22.506) 
Source  Coefficient factor  Sum of squares  DF F  Prob  >  F 
Model 201.58  1.156E+005  9  101.92  <  0.0001 
Z1 -2.02429  55.96  1  0.44  0.5203 
Z2  -3.56992 174.05  1  1.38  0.0072 
Z3 1.22910  20.63  1  0.16  0.0043 
Z1Z2 -1.70213  23.18  1  0.18  0.6771 
Z1Z3  -0.59225 2.80  1  0.022 0.8844 
Z2Z3 1.147  10.53  1  0.084  0.7785 
Z1
2 -55.4235  44267.85  1  351.20  <  0.0001 
Z2
2 -58.1710  48765.55  1  386.88  <  0.0001 
Z3
2 -55.9920  45180.67  1  358.44  <  0.0001 
Residual   1260.47  10     
Lack of fit    1260.47  5     
Pure error    0.000  5     
Cor total    1.169E+005  19     
 
Figure 2. Predicted response versus actual value. P. RATHAKRISHNAN, P. NAGARAJAN, R.R. KANNAN: RESPONSE SURFACE OPTIMIZATION…  CI&CEQ 17 (2) 215−222 (2011) 
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The interaction effects of variables on protease 
production were studied by plotting 3D surface curves 
against any two independent variables, while keeping 
another variable at its central (0) level. The 3D curves 
of the calculated response (protease production) and 
contour plots from the interactions between the va-
riables are shown in Figures 3-5. Figure 3 shows the 
dependency of protease on MgSO4⋅7H2O and casein. 
The protease activity increased with increase in 
MgSO4⋅7H2O to about 1.4 mass% and thereafter pro-
tease activity decreased with further increase in 
MgSO4⋅7H2O. The same trend was observed in Fi-
gures 4 and 5. Increase in casein resulted increase in 
protease activity up to 11.4 mass%. This is evident 
from Figures 3 and 4. Figures 4 and 5 show the de-
pendency of protease activity on glucose. A similar 
type of trend was observed for heavy metal removal 
using Phanerochaete chrysosporium biosorbent [17]. 
The optimal operation conditions of MgSO4⋅7H2O, ca-
sein and glucose for maximum protease activity were 
determined by response surface analysis and also es-
timated by regression equation. The predicted results 
are shown in Table 5. The predicted values from the 
regression equation closely agreed with that obtained 
from experimental values. 
Validation of the experimental model 
Validation of the experimental model was tested 
by carrying out the batch experiment under optimal 
operation condition are (mass%): MgSO4⋅7H2O - 0.14, 
casein - 1.4 and glucose - 2.64, established by the 
regression model. Three repeated experiments were 
performed and the results are compared. The pro-
tease activity (202.048 U/gds) obtained from experi-
ments was very close to the actual response (201.580 
U/gds) predicted by the regression model, which pro-
ved the validity of the model. 
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Figure 3. 3D Plot showing the effect of MgSO4⋅7H2O and casein on protease activity. 
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CONCLUSION 
In this work, Plackett-Burman design was used 
to test the relative importance of medium components 
on protease production. Among the variables, 
MgSO4⋅7H2O, Casein and glucose were found to be 
the most significant variables. From further optimi-
zation studies the optimized values of the variables 
for protease production were as follows (mass%: 
MgSO4⋅7H2O - 0.14, casin - 1.4 and glucose - 2.64. 
This study showed that the cassava waste constitutes 
a good starch source for the production of protease. 
Using the optimized conditions, the produced activity 
reaches 202.048 U/gds. The results show a close 
concordance between the expected and obtained ac-
tivity level.  
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NAUČNI RAD 
   OPTIMIZACIJA SASTAVA HRANLJIVE PODLOGE 
ZA PRODUKCIJU PROTEAZA POMOĆU Bacillus 
subtilis NA OTPACIMA MANIOKE PRIMENOM 
METODOLOGIJE POVRŠI ODZIVA 
Uslovi gajenja Bacillus subtilis na agroindustrijskim otpacima, kao što su otpaci manioke, 
kao supstrata, radi postizanja maksimalne brzine mikrobnog rasta i produkcije proteaza, 
optimizovani su primenom statističke metodologije zasnovane na eksperimentalnom pla-
niranju. Uticaj 12 nutrijenata na produkciju proteaza je procenjen Plackett-Burman-ovim 
dizajnom. Na osnovu pozitivnog uticaja na produkciju proteaza izabrani su MgSO4⋅7H2O, 
kazein i glukoza. Primenom metodologije površine odziva je izvršena optimizacija sas-
tava hranljive podloge u odnosu na odabrane komponente, a optimalni uslovi su (u 
mas.%): MgsO4⋅7H2O – 0,14, kazein – 1,4 i glukoza – 2,64. Validacija ovih uslova je 
izvršena eksperimentalno, a postignut je maksimalni prinos proteaza od 202.048 U/g 
suvog supstrata. 
Ključne reči: proteaza; otpad manioke;  Bacillus subtilis; optimizacija pomoću 
površi odgovora. 
 
 